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REMARKS 

Claims 1, 5, 6, 16, 20 and 21 are all the claims pending in the application. 

Claims 1, 5, 6, 16, 20 and 21 are rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Brantman (US 4,687,782) in view of Soop et al (1988 J Appl Physiol 64(6): 2394-2399). 

This rejection should be withdrawn for at least the reasons set forth in the Remarks 
section of the Response under 37 C.F.R. § 1.116 filed September 8, 2010 and for the additional 
reasons set forth below. 

In the Response under 37 C.F.R. § 1.116 filed September 8, 2010, Applicants explained 
that (1) the legal precedent cited by the Examiner does not apply to the present case because 
Brantman specifically requires the use of carnitine in his composition for its intended purpose; 
(2) although Soop et al. teach that adequate muscle carnitine levels are maintained during 
exercise and that carnitine supplementation has no substantial effect on skeletal muscle 
metabolism under normal physiological conditions, Soop et al.'s study relates to the single use of 
carnitine and its effect on skeletal muscle metabolism under normal physiological conditions. 
That is, the level of carnitine taught by Soop et al. might not be adequate for the purpose taught 
by Brantman; (3) the composition defined in the present claims is patentable over Brantman from 
the fact that the claimed composition retains and improves the desired function even canitine, 
which was an essential element of Brantman' s composition, is omitted; (4) one of ordinary skill 
would recognize that according to Brantman, omission or exclusion of carnitine would markedly 
reduce desired physiological effects of the composition; accordingly, one of ordinary skill in the 
art would not have prioritized the cost reduction effects at the cost of such physiological effects. 

In response, the Examiner states: 
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(1) Applicants are reminded that the 'subject matter as a whole' which should always 
be considered in determining the obviousness of an invention under 35 U.S.C. § 103. Brantman 
discloses that carnitine is employed to optimize skeletal muscle function in relation to oxdiation 
of fatty acids for calories (col. 4 lines 8-13); however, Brantman also discloses that carnitine is 
synthesized in the body (col. 3 lines 59-60) and that it has the smallest amount in the 
composition (col. 4 lines 15-50). Therefore, since it was known in the art at the time of the 
invention that adequate muscle carnitine levels are maintained during exercise and that carnitine 
supplementation has no substantial effect on skeletal muscle metabolism under normal 
physiological conditions (Soop et al.), it would be reasonable for one of ordinary skill to exclude 
carnitine from the composition of Brantman since exogenous carnitine does not appear to have a 
substantial effect on skeletal muscle. Additionally, it would be reasonable for one of ordinary 
skill to know that excluding carnitine would save time and money because it is not absolutely 
required since there is endogenous carnitine present in the body. 

(2) Soop et al. disclose that adequate muscle carnitine levels are maintained during 
exercise, therefore, there would still be an appropriate level of carnitine present in the body when 
said composition of Brantman, without carnitine present, is administered during exercise, such 
that the branched amino acids will be oxidized and toxic ammonia will be removed. 

(3) The exclusion of carnitine from the composition of Brantman would still yield a 
composition that has the same function and properties as the instant [Brantman' s] composition 
which includes carnitine because, endogenous carnitine is produced in the body and maintained 
at an adequate level during exercise (Brantman, Soop et al.). 
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(4) Both Brantman and Soop et al. disclose that endogenous carnitine is produced in 
the body and Soop et al. further disclose that carnitine is maintained at an adequate level during 
exercise. 

Applicants respectfully disagree. 

Brantman clearly teaches, at col. 3, line 55 to col. 4, line 30, the use of carnitine in his 
composition and the object of the use of carnitine is to optimize skeletal muscle function in 
relation to oxidation of fatty acids for calories; to the oxidation of branched amino acids (BAAs); 
and to enhance the removal of toxic ammonia. 

Further, Brantman teaches that the objects of the invention are realized by a careful 
selection of specific amino acids to be added to whole protein and other nutrients, so as to 
achieve a diet which is enriched with specific amino acids (carnitine, glutamine, isoleucine, 
leucine and valine) , in order to maximize protein synthesis in skeletal muscle (col. 4, lines 25- 
30). 

Although Soop et al teaches that carnitine supplementation has no substantial effect on 
skeletal muscle metabolism under normal physiological conditions, Soop et al 's study relates to 
the single use of carnitine and its effect on skeletal muscle metabolism under normal 
physiological conditions . 

In contrast, Brantman teaches that "This invention relates to compositions of specific 
nutrients to facilitate the adapation [adaptation] of skeletal muscle to programs of strenuous 
exercise ." 

Thus, Soop et al is not sufficient to provide motivation to one skilled in the art to omit 
cartinine from the composition of Brantman, because omission of carnitine from the composition 
of Brantman would render it unsatisfactory for its intended purpose; relevant law holds that if a 
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proposed modification would render a prior art invention being modified unsatisfactory for its 
intended purpose, then there is no suggestion or motivation to make the proposed modification. 
In re Gordon, 733 F.2d 900, 221 USPQ 1125 (Fed. Cir. 1984). 

Further, Applicants submit herewith three publications which were published after 
Brantman (1987) and Soop et al. (1988) but before 2003, when the instant application was filed, 
which report the decreases in carnitine level in muscle in athlete during 1-6 months training and 
the importance of a carnitine supplement to prevent such decrease. 

- Arenas J. et al., "Carnitine in muscle, serum, and urine of nonprofessional athletes: 
effects of physical exercise, training, and L-carnitine administration," Muscle Nerve 1991, 14, 
598-604; 

- Huertas R. et al., "Respiratory chain enzymes in muscle of endurance athletes: effect of 
L-carnitine," Biochem. Biophys. Res. Commun., 1992, 188, 102-107; and 

- Arenas J., et al., "Effects of L-carnitine on the pyruvate dehydrogenase complex and 
carnitine plamitoyl transferase activities in muscle of endurance athletes," FEBS Lett., 1994, 
341,91-93. 

Applicants also submit a Declaration under 37 C.F.R. § 1.132, in which Mr. Masayuki 
Suzuki reviews and discusses each publication. 

As Mr. Suzuki states in the Declaration, Arenas (1991) teaches that carnitine amount in 
muscle decreases in athlete during 1 to 6 months training and that decrease in amount of 
carnitine in muscle can be prevented according to training by supplementation of carnitine. 
Huertas and Arenas (1994) teach that activities of enzymes in muscle which become key 
enzymes (such as puruvate dehydrogenase and electron transport chain enzymes) can be 
increased. 
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According to Mr. Suzuki, these publications show that carnitine is not maintained at an 
adequate level during exercise, contrary to the teaching of Soop et al. 

Mr. Suzuki further states that one skilled in the art would not have been motivated to 
remove carnitine from Brantman composition, when reading the teachings of Brantman, Soop, 
and the Arenas (1991), Huertas, and Arenas (1994), because Arenas (1991), Huertas, and Arenas 
(1994), in addition to Brantman, clearly emphasize the function of carnitine supplement for an 
athlete who is undertaking strenuous exercise for a long term (e.g., 1-6 months). 

Thus, the Examiner's finding and reliance of Soop et al. are based on improper hindsight 
only after reading the specification of the present application. As disclosed by Brantman, there 
are reports which disclose that carnitine is important for oxidation of fatty acids, removal of 
ammonia and oxidation of B AAs during exercise. Among the findings which are available for 
the person ordinary skilled in the art, the Examiner intentionally selected only Soop et al. 
However, the person ordinary skilled in the art is a person who can access all publications and it 
can be assumed that the person ordinary skilled in the art also knew references that contradict 
Soop et al. 

The Examiner states that removal of carnitine from the composition of Brantman is 
obvious based on the teaching of Soop et al. This is a standard "obvious to try" and whether the 
rejection is appropriate is decided by whether there was a "reasonable expectation of success" for 
the person ordinary skilled in the art. While there was Soop et al., there were also publications 
which reported importance of carnitine during exercise as taught by Brantman and by, for 
example, the three publication discussed above. Therefore, it cannot be reasonably expected that 
the object of Brantman can be successfully achieved when carnitine is removed from the 
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composition of Brantman. If information in both positions was available, it cannot be said that 
there was reasonable expectation of success. 

Further, as discussed above, Brantman clearly teaches that carnitine is a critical 
component of the composition. Therefore, Brantman teaches away from the present invention 
where carnitine is excluded. A claimed combination of prior art elements may be nonobvious 
where the prior art teaches away from the claimed combination and the combination yields more 
than predictable results. See, Crocs, Inc. v. U.S. InVl Trade Comm'n, 598 F.3d 1294 (Fed. Cir., 
2010). 

In view of the above, the present claims are not obvious and are patentable over 
Brantman and Soop et aL, either alone or in combination. Reconsideration and withdrawal of the 
§ 103(a) rejection based on Brantman in view of Soop et ah are respectfully requested. 

Allowance is respectfully requested. If any points remain in issue which the Examiner 
feels may be best resolved through a personal or telephone interview, the Examiner is kindly 
requested to contact the undersigned at the telephone number listed below. 

The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 

Respectfully submitted, 

/Hui C, Wauters/ 

SUGHRUE MION, PLLC Hui C. Wauters 

Telephone: (202)293-7060 Registration No. 57,426 

Facsimile: (202)293-7860 for Sunhee Lee 

Washington dc sughrue/265550 Registration No .53,8 92 

65565 

CUSTOMER NUMBER 

Date: December 8, 2010 
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Efficient utilization of fatty adds to sustain prolonged physical efforts 
thought to be dependent on the carnitine shuttle of muscle, A study has 
been carded out in 24 athletes (13 long-distance runners and 1 1 sprinters). 
These subjects received placebo or L-carnitlne (1 g/oraJJy b.i.d.) during a 
6-month period of training. In endurance athletes, training induced lowering 
of totai and free muscle carnitine. Increase of esterified muscle carnitine 
was also observed. Post-exertional overflow of acetylcarnitine and long- 
chain acytcamitlne, as well as reduction ol the free fraction was also no- 
ticed in the blood. Fasting plasma carnitine levels, however, were not af- 
fected In camffine-treated athletes at rest. These changes were likely 
related with the significantly increased urinary excretion of esterified and to- 
tal carnitine which occurred after physical exercise. In the sprinters only, a 
decrease in free and totai carnitine of muscle was detected after training. 
Both these potentialjy unfavorable effects were prevented by oral adminis- 
tration of (.-carnitine. Our data suggest thai training in endurance athletes, 
and to a lesser extent, In sprinters, is associated with a decrease in free 
and total carnitine of muscle, due to an increased overflow of short-chain 
carnitine esters in urine. 

Key words: carnitine ♦ acyicarnitine • long-distance runners • sprinters * ath- 
letes « exercise 
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CARNITINE IN MUSCLE, SERUM, AND 
URINE OF NONPROFESSIONAL 
ATHLETESs EFFECTS OF PHYSICAL 
EXERCISE, TRAINING, AND 
L-CARNITINE ADMINISTRATION 

j" ARENAS, J.R. RICOY, A*R» ENCINAS, P. POLA, S. D'IDDIO, ML ZEVIANI, 
$> DIDO NATO, and M. CORSI 



Muscle performance during aerobic exercise re- 
lies upon increasing supply, as well as improved 
utilization of oxidizable substrates. Breakdown of 
stored glycogen and triglycerides sustains physical 
exercise. In addition, within minutes from the on- 
set of exercise, muscular blood flow increases, thus 
delivering to the muscle fibers larger amounts of 
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both oxygen and nutrients (i.e., glucose and free 
fatty acids, FFA). However, if physical effort is 
continued for a longer time, long-chain fatty acids 
(LCFA) become the main (almost the exclusive) 
source of energy for the working muscle. 9 

Carnitine performs a crucial role in the energy 
supply of muscle during exercise, by controling 
the influx of fatty acids into mitochondria. 3 Car- 
nitine, either introduced with the diet or synthe- 
sized de novo in the liver and kidney, must be ac- 
tively concentrated from the blood into muscle. 18 
Here, two enzymes, carnitine palmitoyl transferase 
(CPT) and carnitine acetyl transferase (CAT), em- 
bedded in the mitochondrial inner membrane, 
utilize carnitine as a shuttle to direct long-chain 
fatty acids and acetyl groups in and, respectively, 
out of mitochondria. 7 * 

Additional functions of carnitine could also be 
important during physical exercise: carnitine facil- 
itates oxidation of pyruvate and branched amino 
acids 21 and, by preventing the accumulation of 
acylCoAs, contributes to the protection of cells 
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from these membrane-destabilizing agents. A 
complex equilibrium exists among the various 
carnitine frasctions; i.e., free vs. acylated farms, 
and between the carnitine poo) of muscle vs. that 
in the blood, as well as the fraction excreted in 
the urine. 19 Ultimately, this equilibrium deter- 
mines the size of the muscular pool of free car- 
nitine, which, from an energetic standpoint, rep- 
resents the metabolically active fraction. There- 
fore, the amount of free carnitine in muscle can 
be considered a limiting factor for its energy 
supply- 

During exercise, especially if prolonged, the 
carnitine fractions of the body compartments 
change in size, mainly because of the increased es- 
terification of muscle free carnitine with acyl 
groups from different sources. 1 ' 14 ' 13 Because this 
phenomenon is chronically activated by physical 
training, a possible consequence of the latter con- 
dition is a progressive reduction of the free car- 
nitine pool in muscle, which could lead to a poten- 
tially deleterious "carnitine insufficiency." The 
aim of the present study is to verify, at the bio- 
chemical level, how physical training and/or ex- 
ercise modify carnitine metabolism in subjects 
with and without carnitine supplementation. More- 
over, we have investigated whether these changes 
are specific for athletes performing predom- 
inandy aerobic exercises, compared with ath- 
letes performing predominandy glycolytic exer- 
cises. 



METHODS 

Subject* and (Experimental Protocols (Fig. 1). Alt 

the subjects were volunteers and expressed their 
informed consent to participate in the study. 

Twenty-four athletes (double blind, parallel 
groups) were studied. Thirteen subjects (all males, 
ages from 19 to 27) were long-distance runners, a 
specialty requiring physical endurance, while 11 
subjects (6 males and 5 females, ages from 19 to 
21) were sprinters, a specialty requiring brief, 
maximal physical efforts. 

Long-distance runners had a dietary regimen 
of 3500 to 4000 kcal/d, with the proteins repre- 
senting 13% to 15% of the total caloric intake, car- 
bohydrates 55% to 60%, and lipids 25% to 30%. 

Male sprinters had the same caloric intake but 
proteins were 18% to 20%, carbohydrates 55% 
to 60%, and lipids 20% to" 25%. Female sprint- 
ers had a caloric intake of 3000 to 3500 kcal/d 
with the same diet as males. Blood specimens 
were always collected in the morning after an over- 
night fast. Determination of "basal" values was ob- 
tained by measuring free carnitine, acetyl car- 
nitine, short-chain acylcarnitine, long-chain acyl- 
carnitine and total carnitine during the pretrain- 
ing period. 

The same assays were also carried out in mus- 
cle needle biopsies (vastus lateralis, average wet 
weight: 100 to 150 mg) taken at rest, as well as in 
the serum and in the 24-hour urine, both col- 
lected the day before and the day after a 400- 
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FIGURE 1. Design of the study. Two groups of athtetes were sprinters (11 athletes) and two groups 
were long-distance runners (13 athletes). 

* 
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meter and a 3000-meter run for the sprinters and 
for the long-distance runners, respectively. 

The long-distance runners were then divided 
at random in two groups: the first group (7 males) 
was treated with 1 g orally b.i,d. of L-carnitine 
(Sigma Tau, Madrid, Espana) for 120 days; the 
other group (6 males) received placebo during the 
same period of time. Carnitine supplementation 
was suspended 12 hours before blood, urine , and 
muscle sampling. 

Also, the sprinters were randomly assigned to 
the treatments: 3 males and 3 females were 
treated with L-carnitine and 3 males and 2 females 
with placebo. Dose, route of administration, and 
length of treatment were the same as for the long- 
distance runners. At the same time, the athletes of 
the four groups started a 4-month physical train- 
ing program in their respective fields. 

The weekly training program of the long-dis- 
tance runners was physical exercise at 40% to 50% 
of the Vo 2 max for I h/d for 4 days, and at 70% to 
80% of the Vo 2 max for 90 minutes for the other 
3 days, corresponding to 70 to 80 km/wk. 

The weekly training program for the sprinters 
* was physical exercise at 40% to 50% of the Vo 2 
max for 1 h/d for the first day, and 90 minutes of 
training above maximum anerobic threshold for 
the other 6 days, corresponding to 25 to 30 km/ 
wk. 

Determination of carnitine levels at rest and af- 
ter physical exercise was performed in serum and 
urine of the athletes after 60 and 120 days of 
training. At the end of the training period (120 
days), a second biopsy was also performed (at rest) 
and carnitine content, as well as fiber size and 
morphometric evaluation, were re-examined. 

Muscle Morphology. A fragment of each needle 
biopsy was immediately frozen in isopentane 
cooled in liquid nitrogen for morphological stud- 
ies, including histoenzymatic reactions for alkali- 
and acid-sensitive ATPase, NADH-tetrazolium re- 
ductase, and succinate dehydrogenase. 2 Lipid and 
polysaccharide content and distribution were eval- 
uated by oil-red O and PAS reactions. 2 The mor- 
phometric studies consisted of measuring the 
number and size of the fibers according to types 
and subtypes. 8 Fibers were measured on a TV 
monitor-digitalized picture taken from microscope 
by a video camera. Measurement was manually 
performed by marking the limit of the fibers with 
a ''cursor pen" on a "digitizer tablet*" Units were 
expressed in microns. 



Carnitine Assay. Free carnitine (FC), acetylcar- 
nitine (AC), short-chain acylcarnitine (SCAC), 
long-chain acylcarnitine (LCAC), and total car- 
nitine (TC) were measured in muscle horaoge- 
nates, serum, and urine as described by DiDonato 
et al s (FC, SCAC, LCAC, and TC) and Pande et al 
(AC)* 

Statistical Analysis. Statistical analysis was per- 
formed by two-way analysis of variance and Stu- 
dent's t test for paired and unpaired comparison. 
Analysis of variance was applied to point out the 
difference between the two groups of athletes 
(long-distance runners and sprinters) while the 
test was used for the pairwise comparison of the 
values recorded at the baseline and after 60 and 
120 days of treatment. Values in the tables are ex- 
pressed as means :± SD, Only differences with P < 
(K05 were considered statistically significant. 

RESULTS 

Musclo (Table 1 ). In basal conditions, muscle free 
and total carnitine contents were both sigiiificandy 
(P < 0.01) higher in the long-distance runners 
compared with the sprinters. 

Training significantly decreased the amounts 
of both TC (P < 0,01) and FC (P < 0.02) in the 
long-distance runners receiving placebo compared 
with the pretraining levels, whereas SCAC was un- 
changed, and LCAC was stighdy increased. By 
contrast, carnitine and its esters were significantly 
higher (P < 0.05 to P < 0,01, Table 1) after train- 
ing compared with the pretraining period in the 
athletes treated with oral carnitine. In addition, 
the difference between carnitine-treated athletes 
and placebo-receiving athletes after training was 
highly significant for free carnitine (P < 0-001) 
and total carnitine (P < 0.001). 

Similarly, in the sprinters receiving placebo, 
training significantly decreased FC and TC levels, 
while they were increased after L-carnitine supple- 
mentation. Again, the differences between the 
carnitine-treated group and the placebo group af- 
ter training were significant for both free carnitine 
<P < 0.001) and total carnitine (P < 0.001). 

Serum (Tab!* 2). In contrast to the results ob- 
served in muscle, the fasting levels of free, esteri- 
fied, and total carnitine in the serum, measured at 
rest in both groups of athletes, were not modified 
by either training, carnitine supplementation, or 
both. However, after physical exercise, the long- 
distance runners receiving placebo showed a post- 
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Table 1- Muscle free carnitine (FC), acetylcarnitlne (AC), short-chain acylcarnitine (SCAC). long-chain 
acylcarnitine (LCAC), and total carnitine (TC) in 24 athletes (13 long-distance runners and 11 sprinters). 



Before training 



After training 



Before training 



After training 



Muscle: Long-distance runners 



FC 
AC 

SCAC 
LCAC 
TC 

Muscle: Sprinters 
FC 

AC 

SCAC - 

LCAC 

TC 



24.7 ± 1.8 
2.6 ± OA 
2.8 ± OA 

0.40 ± 0.06 
28.0 ± 2.0 

19.4 ± 1.6 

2.8 ± 0.4 
3.0 ± 0.4 
0.38 ± 0,08 

22.8 ± 1 .8 



22.9 ± 1.8 

2.6 ± 0,2 

2.7 ± OA 
0.48 ±0.07 

26.3 ±1.9 
(P < 0.01 ) 

18.2 ± 1.5 
(P < 0.02) 
2.9 ± 0.4 
3.0 ± OA 
0.40 ± 0.08 
21.6 ± 1.5 
(P < 0,05) 



23.4 ± 3.9 
2.3 ± 0.6 
2.5 ± 0.6 

0.33 * 0.1 1 

26.3 ± 4.1 

19.4 ± 1 .4 

2.5 ± OA 
2.7 ± OA 
0,35 ± 0,11 
22-5 ± 1 .4 



25.7 ± 2.6 

(P < 0.01) 
2.6 ± 0.5 

(P < 0.05) 
2.8 ± 0.5 

(P < 0.05) 
0.47 ± 0.08 

(P < 0.02) 
29,0 ±27 

(P<0.01) 

21,0 ± 1.7 
{P < 0.001) 

2.8 ± OA 

2.9 ± 0.4 
0.40 ± 0.06 
24.3 ± 1.4 

(P< 0.001) 



VahM &ra aiven as mean ± $0. C*w norma! values for carnitines In skeletal muscle from 54 nonmyopathic controls are: 

for LCAC: 22.0 * 1.10 SO for TC 

P-vatues refer to the pretrafning concentration. 



Table 2„ Serum concentration of FC, AC, SCAC, LCAC, and 
runners before and after 120 days of training with 

Placebo 



TC (see Table t) In sprinters and tang-distance 
placebo or L-camitine administration. 

L-Carnltine 



Baseline 



Rest 



Exercise 



Serum: Long-distance runners 
FC 40 ± 3 * 36 ± 4 

AC 5,9 ± 1.4 * 10.2 ±1.3 



SCAC 



6.1 ± 1.3 * 10.6 ± 1.4 



LCAC 0.9 ±0-1 *• 1.4 ±0.2 
TC 47 ± 3 48 ± 3 



120 days 



Rest 



Exercise 



38 ± 4 31 ± 5 

6.0 ±1.3 * 11.3 ±1.3 

6.4 ± 1.3 * 12.0 ± 1-6 

1.0 ±0.4 f 1.5 ±0.3 
45 ± 6 45 ± 6 



Baselfne 



1 20 days 



Rest 



Exercise 



Rest 



Exercise 



38± 5 * 34 ± 5 
5.2 ± 1.2 t 11.0 ±4.2 

5.4 ± 1.3 * 9.9 ± 1.1 

0.8 ± 0.2 f 1.2 ±0.3 
45 ± 6 46 ± 6 



39 ±3 40 ± 3 
5.8 ± 0.9 * 20.7 ± 3.1 

6.2 ±1.0*21.7 + 3.4 

* 

0.8 ± 0.2 0.7 ± 0.1 
46 ±4 * 62 ± 5 



Serum: Sprinters 



FC 
AC 

SCAC 
LCAC 
TC 



34 ± 4 
3.7 ± 0.3 
3.9 ± 0.9 
0.9 ± 0.2 
39 ± 4 



35 ±4 
3.8 ± 0.5 
4.0 ± 0.9 
0.9 ± 0.1 
40 ±3 



37 ±2 
4.0 ± 0.4 
4.2 ± 0.4 
0.9 ± 0.1 
43± 2 



37 ±2 
3.6 ± 0.3 
4.1 ±0.3 
1 .0 ± 0.1 

42 ± 1 



Values are expressed in \unol/L. 
Symbols between columns: **P" values "rest" vs 'exetcrse." 
Symbols between raws: "P" values "120 days' vs "baseline: 
* « P < 0.001 f = P < 0.05; $ = P < 0.01. 



36 ± 3 
4.1 ± 0.5 
4.3 ± 0,5 
0.9 ± 0.2 
41 ±4 



35 ± 3 
4.2 ± 0.5 
4.4 ± 0.5 
0.9 ± 0.1 
41 ± 3 



38±2 

4.1 ± 0.6 

4.2 ± 0.6 
0.9 ± 0.1 
43 ± 3 



37 ±2 
4.0 ± 0.7 
4.2 ± 0.7 
0.8 ± 0.1 
42 ±3 
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exertional decrease of FC {P < 0.001), whereas 
both SCAC (P < 0.001) and LCAC (P < 0,01) 
were increased. Since the degree of these opposite 
changes was of the same order for free and ester- 
ified carnitines, TC was not modified. The in- 
crease for SCAC was essentially due to a rise in 
acetylcarnitine, representing up to 90% of the en- 
tire SCAC fraction. Training had little effects on 
these changes (Table 2). 

By contrast, the long-distance runners receiv- 
ing L-carnitine showed a marked increase (P < 
0.001) of post-exertional TC, AC, and SCAC com- 
pared to the resting values. The fall in FC, ob- 
served in the placebo group, was not seen in 
treated athletes. Instead, post-exerrional TC val- 
ues in carnitine-treated long-distance runners 
were significantly higher (P < 0.001) than in pla- 
cebo-receiving athletes. No significant changes 
were observed after exercise, training, and L-car- 
ntdne administration in the sprinters. Training 
had litde effect in both groups. 

Urine {Table 31- In the long-distance runners re- 
ceiving placebo, physical exercise caused a signifi- 
cant increase of TC excretion, mainly contributed 
(+100%) by the AC fraction. This phenomenon 
was amplified by treatment with oral carnitine, 
which caused increased excretion of the esterified 
fractions as well as the FC fraction. The latter was 
obviously a consequence of the treatment itself. 
Similar, although less marked, effects were ob- 



served in the urinary output of carnitines of the 
sprinters after exercise. Treatment with oral L-car- 
nitine increased the excretion of both free and es- 
terified carnitine. Training influenced neither the 
relative size of the carnitine fractions nor the total 
carnitine excretion in the urine. 



Morphometry. Type I fibers were predominant in 
the muscle biopsies of the long-distance runners 
(type 1 49.5 ± 14.5 SD; type IIA 36.3 ± 12.5 SD; 
type IIB 15 ± 15.8 SD) as opposed to the preva- 
lence of large type II fibers in the sprinters (type I 
37.9 ± 12 SD; type IIA 47.7 ± 12.2 SD; 20.6 ± 
26.3 SD). These differences did not reach statisti- 
cal significance and were unchanged by training 
and/or treatment with ^-carnitine. 



DISCUSSION 

The observation of high carnitine content in long- 
distance runners, in comparison with the sprint- 
ers, was a likely consequence of the higher content 
of mitochondria in type I fibers, which predomi- 
nated in the muscles of the long-distance runners. 
Conversely, the low-carniune levels observed in 
sprinters' muscles could be due to the prevalence 
of type II fibers, in which there are fewer mito- 
chondria. 

In both groups of athletes treated with pla- 
cebo, carnitine content of muscle was decreased 



Table 3. Urinary excretion of FC t AC, SCAC, and TC (see Table 1) in sprinters and long-distance runners 
before and after 120 days of training with placebo or L-carnitfne administration. 

Placebo t-Carnitine 

Baseline 120 days Baseline 120 days 



Rest Exercise Rest Exercise Rest Exercise Rest Exercise 



Urine: Long-distance runners: 




.29 ± .07 .31 ± 


.10 


.73 ±.10* .83 ± .10 


FC 


.29 ± .06 -26 ± .10 


.28 ± .06 .27 ± -10 


AC 


.13 ± .02* .37 ± .02 


.18 ± ,04 .40 ± .09 


.15 ± .003 * .36 ± 


.05 


.31 ± .06*1.32 ± .20 


SCAC 


.24 d: .04 * .46 ± .04 


.20 ± .05 .43 ± .09 


.24 ± .04 .46 ± 


.04 


.35 ±.07* 1-38 ±.30 


LCAC 


ND 


ND 


ND 




ND 


TC 


,51 ±.10f.72±.10 


.48 ± .10 .71 ± .10 


.53 ±.10 .76 ± 


.10 


1.07 ±.1 2.22 ±.40 


Urine: Sprinters: 








1.07 ±.2 1,07 ±.1 


FC 


.22 ± .04 .23 ± .03 


.27 ± .05 ,26 ± .03 


.27 ± .06 .27 ± 


.05 


AC 


.20 * .02 f .22 ± .02 


.23 ± .01 ,27 ± .05 


.23 ± .02 .24 ± 


.03 


.32 ± .03 .32 ± .03 


SCAC 


,22 ± .03 f .24 ± .03 


.25 ± .03 ,27 ± .01 


.26 ± .03 26 ± 


.03 


.35 ± .03 .34 ± .03 


LCAC 


ND 


ND 


ND 




ND 


TC 


.44 ± .05 * .47 ± .05 


.52 ± .08 ,53 ± -08 


.52 ± .09 .53 ± .08 


1.42 ±.1 1.42 ± .1 



Values are expressed in mmolfg omatlntne. 
Symbols between columns: **P" values "rest vs "exercise." 
Symbols between rows: °P" values "120 days" vs "baseline. 
* » p < 0.001: f - P < 0.05; NO — noi determined. 
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after training, as compared with basal conditions. 
The reduction affected the free and total carnitine 
fractions: these results could lead to a reduced 
availability of carnitine as a supplier of energetic 
substrates to mitochondria. Interestingly, these ef- 
fects were greater in the long-distance runners* 
whose energetic demand during exercise relies al- 
most exclusively upon the aerobic metabolism of 
carbohydrates and fatty acids. However, since we 
did not measure the changes in athletic perfor- 
mance of each group, the functional significance 
of these biochemical observations must still be es- 
tablished. 

In the long-distance runners, but not in the 
sprinters, the post-exertional blood concentrations 
of short-chain acylcarnitine and, to a lesser extent, 
of long-chain acylcarnitine, were increased, while 
free carnitine was decreased. Skeletal muscle ap- 
pears as the main, though not the exclusive, 
source of this increase. 

Several factors could contribute to this varia- 
tion. The increased amount of short-chain acylcar- 
nitine esters in blood (mainly in the form of ace- 
tylcarnttine) can be explained by enhanced 
oxidation of both pyruvate 10 ' 12 (through the pyru- 
vate dehydrogenase complex) and fatty acids 
(through the beta-oxidation system) in muscle 
during the endurance type of exercise performed 
(3000-meter run)- As the production rate of ace- 
tylCoA becomes higher than the rate of its utiliza- 
tion through the Krebs cycle, acetylCoA accumu- 
lates in mitochondria. CAT provides a clearance 
mechanism 12 ' 21 by transforming the excess of ace- 
tylCoA which, at high concentrations, may inhibit 
some enzymatic activities by altering acylCoA/GoA 
ratio, into AC; the latter being easily eliminated 
into the bloodstream. Furthermore, the large mo- 
bilization of FFA during prolonged exercise 
causes rapid accumulation in muscle of LGAC. Af- 
ter exercise, LCAC, which are no longer utilized 
for oxidative purposes, are returned to the blood- 
stream. This can explain the moderate post-exer- 
tional rise of plasma LGAC. 

Altogether, our data indicate that "wasting" of 
short-chain carnitine esters in the urine occurs 
from the combined effects of training and pro- 
longed exercise, causing a decrease in the avail- 
ability of stored muscle carnitine* 

An improvement of the endurance capacity by 
L-carnitine administration in man 1 ' 16 is still contro- . 
versial, at least at the biochemical leveL However, 
our data in treated athletes, indicate that oral car- 
nitine supplementation is able to "stabilize" muscle 
carnitine pools, thus preventing a loss of carnitine 



from tissues to the plasma-urine compartments 
(Table 1). 

Interestingly, in long-distance runners and 
sprinters, serum carnitine at rest remained un- 
changed after 120 days of oral administration, 
compared with the "basal" values (Table 2). This is 
surprising because patients with primary or sec* 
ondary carnitine deficiencies show increased levels 
of plasma carnitines under treatment. 6 In contrast 
to athletes, however, these subjects have lower- 
than-normal plasma carnitine levels before treat- 
ment. Yet, in the same group of endurance ath- 
letes, both total and esterifted carnitine clearly 
increased after exercise. This phenomenon could 
be due either to a larger carnitine pool in the 
body, or to its higher utilization for the in- 
creased metabolic demands of the trained muscle, 
or both. 

Furthermore, carnitine treatment increased 
the concentration of acetykarnstine in plasma and 
its excretion in the urine. This suggests that a 
larger carnitine availability can facilitate removal 
from muscle of the acetylCoA accumulated during 
exercise, thus maintaining a metaboHcaliy favor- 
able acetylCoA/CoA ratio. 12 The post-exertional 
drop of plasma free carnitine, as well as the rise of 
plasma LCAG, occurring in the untreated sub- 
jects, were no longer observed after treatment 
with oral carnitine. This result is likely due to the 
improved utilization of long-chain fatty acids 
(LGFA) as energetic substrate in muscle. Conse- 
quently, the potentially deleterious effects caused 
by their accumulation are also prevented by oral 
carnitine administration. In particular, high con- 
centrations of LCFA in mitochondria partially in- 
hibit the activity of adenylate translocase, the en- 
zyme that regulates the ATP-ADP transport 
from and to the inner compartment of mitochon- 
dria. 11 Prevention of LCFA inhibition on the 
translocase activity can improve the efficiency of 
oxidative phosphorylation coupling and oxygen 
utilization by mitochondria. This can also explain 
why endurance athletes, upon L-carnitine loading, 
have significantly increased values of v*o 2 max. 1 
This increase, which may be of practical impor- 
tance in improving tolerance during endurance 
exercise, has been attributed, in the past, to en- 
hancement of substrate utilization through the 
Krebs cycle. 1 - 10 

Further investigation is necessary to verify 
whether these observations, still at the biochemical 
level, can have valuable consequence in improving 
both the training and performance of endurance 
athletes. 
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SUMMARY. The effects of L-carnitine on respiratory chain enzymes 
in muscle of long distance runners were studied in 14 athletes. 
These subjects received placebo or L-carnitine (2 g orally 
b.i.d.) during a 4-week period of training. Athletes receiving 
L-carnitine showed a significant increase (p< 0.01) in the 
activities of rotenone-sensitive NADH cytochrome c reductase, 
succinate cytochrome c reductase and cytochrome oxidase. In 
contrast, succinate dehydrogenase and citrate synthase were 
unchanged. No significant changes were observed after placebo 
administration. The levels of both total and free carnitine from 
athletes receiving placebo were significantly decreased (p< 0.01) 
after treatment. By contrast, total and free carnitine levels 
were markedly increased (p< 0.01) after supplementation with L- 
carnitine. Our results suggest that L-carnitine induces an 
increase of the respiratory chain enzyme activities in muscle, 
probably by mechanisms involving mitochondrial DNA. *> 1992 Academic 

Press, Inc. 



Endurance training promotes an increase in the volume and 
mass of mitochondria relative to other cellular constituents 
within muscle fibers of the exercised limbs ( 1 ) . These 
morphological changes are accompanied by parallel increases in 
the maximum activities of tricarboxylic acid cycle enzymes of 
fatty acid transport and oxidation and in part of respiratory 
chain enzymes ( 2 ) . 

Carnitine performs a crucial role in the energy supply of 
the muscle during exercise, by controlling the influx of fatty 
acids into mitochondria (3). In addition, carnitine facilities 
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oxidation of pyruvate and branched amino acids (4), and 
contributes to the protection of cells from these deleterious 
agents by preventing the accumulation of acyl CoAs (5). During 
the exercise of long duration, the increased esterif ication of 
muscle carnitine reduces the free carnitine pool in muscle, 
leading to carnitine insufficiency ( 6 ) . 

L-carnitine has been shown to stimulate pyruvate 
dehydrogenase complex (PDHC) in human skeletal muscle (4). In the 
same way, the aim of the present study is to asses whether 
treatment with L-carnitine increases the activities of 
respiratory chain enzymes in muscle of endurance athletes. 



MATERIALS AND METHODS 

Subjects and experimental protocol . All the subjects were 
volunteers and expressed their informed consent to participate 
in the study. Fourteen well-trained athletes (double blind, 
parallel groups) were studied. All of them were long-distance 
runners ( LDR ) , a specialty requiring physical endurance. 
They have a dietary regimen of 3500 to 4000 Kcal/day, of which 
proteins represent 13 to 15% of the total caloric intake, and 
lipids 25% to 30%. Muscle needle biopsies (Vastus lateralis, 
average net weight: 100-150 mg) were taken at rest to determined 
basal values of the respiratory chain enzymes and carnitine 
content. The LDR were then divided at random in two groups: the 
first group (7 males) was treated with 2 g orally b.i.d. of L— 
carnitine (Sigma-Tau. Pomezia. Italy) for 28 days; the other 
group (7 males) received placebo during the same period of time. 
Carnitine supplementation was suspended 12 hours before muscle 
sampling. At the same time, the athletes of the two groups 
started a 4 weeks endurance training program. The weekly training 
program consisted of running at 40% to 50% V0 2 max for 90 
minutes/day for 5 days, and at 70% to 80% of the VQ 2 max for 60 
minutes for the other 2 days, corresponding to 130-140 Km/wk. At 
the end of the training period (28 days) a second biopsy was 
performed (at rest) and carnitine content, as well as enzyme 
activities, were re— examined. 

Carnitine assay . Free carnitine (FC), short-chain acylcarnitine 
(SCAC), long-chain acylcarnitine (LCAC) and total carnitine were 
measured in muscle homogenates as described by Di Donato et al 

(7). 

Enzyme assays * Muscle biopsies were homogenized in 15 volumes of 
0.15 M KC1, 50 mM Tris-HCl pH 7.4 in all glass homogenizers and 
mitochondrial enzymes were measured in supernatants after 
centrifugation at 800xg for 10 minutes. Describe 
spectrophotometry assays (8) were used to measure succinate 
cytochrome c reductase (complex II+III), rotenone-sensitive NADH- 
cytochrome c reductase (complex I+III), succinate dehydrogenase 
(complex II), citrate synthase and cytochrome c oxidase. The 
latter was determined by monitoring the decrease in absorbance 
at 550 nm of reduced cytochrome c. Reduced cytochrome c was 
freshly prepared before each experiment by adding to a 1% 
solution in 10 mM K-Phosphate buffer (pH 7.0). Protein 
concentration was determined by Lowry method ( 9 ) . 
Statistical analysis . Statistical analysis was performed by one 
way analysis of variance and Student's test for paired and 
unpaired comparison. 
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RESULTS 

Respiratory chain enzymes (Table 1): The basal levels of all 
respiratory enzymes as well as citrate synthase in muscle of LDR 
were markedly increased compared to normal age and sex matched 
control values. The pretreatment activities of all the enzymes 
in athletes receiving L-carnitine or placebo were similar. LDR 
receiving L-carnitine showed a significantly increase (p< (KOI) 
of the activities of NADH cytochrome c reductase, succinate 
cytochrome c reductase and cytochrome c oxidase after treatment, 
compared to both the pretreatment and the posttreatment receiving 
placebo levels. In contrast, succinate dehydrogenase and citrate 
synthase activities remained unchanged. No significant changes 
were observed after placebo administration. 

Carnitine (Table 2): In basal conditions, muscle free and total 
carnitine content in muscle of LDR were both markedly increased 
compared to normal controls. No significant differences in the 
pretreatment amounts of TC, FC, SCAC and LCAC were observed 
between carnitine-treated athletes and placebo-receiving 
athletes. In LDR receiving placebo the levels of both TC and FC 
were significantly lower (p< 0.01) after treatment than before 
treatment, whereas SCAC was unchanged and LCAC was significantly 
increased (p< 0.01). By contrast, TC and FC levels were 
significantly higher (p< 0.01) after treatment than before 
treatment in LDR supplemented with L-carnitine. However, SCAC and 
LCAC remained unchanged. In addition, the difference between 
carnitine-treated athletes and placebo-receiving athletes after 
treatment was markedly significant (p< 0.01) for FC and TC. 



DISCUSSION 

In agreement with previous reports (1,2), the values of all 
respiratory chain enzymes as well as the citrate synthase basal 



Table 1 . Succinate dehydrogenase (SDH, complex II), rotenone- 
sensitive NADH-cytochrome c reductase (NADH cyt c red, complex 
I+III), succinate cytochrome c reductase (succ cyt c red, complex 
II+III), cytochrome c oxidase (Cox, complex IV) and citrate synthase 

(CS) in muscle of endurance athletes 





n 


SDH 


NADH 

cyt c 
red 


SUCC 

cyt C 
red 


Cox 


CS 


Controls 


25 


10.3*3.6 


11.7±4.0 


7.5*3.1 


52.8*16.7 


120*38.5 


Long distance 
runners 


14 


15.2±4.3* 


24.3*6. 95* 


13.1*4.8* 


129.6*26.6* 


309.8*68.1* 


Placebo 


7 












Before treatment 




14.9±3.8 


25.5*7.7 


13.5+5.6 


131.7*27.7 


307.3*68.2 


After treatment 




14.8±2.2 


27.2*8.3 


14.4*6.7 


130.8*31.5 


304.9*67.9 


L-carnitine 


7 












Before treatment 




15-6*4.7 


23.2±6.2 


12.7±4.1 


127.5*25.4 


312.3*73.2 


After treatment 




.15.8*5.7 


41.1*9.8+ 


22.6*7.2 + 


198.8*22.7* 


299.8*66. 5* 



Activities expressed as nmol of substrate utilized, min" 1 . mg protein" 1 (roean*SD). 
* Significant differences vs controls (p< 0.01; unpaired t test). 

+ Significant differences vs both pretreatment levels and receiving placebo 
posttreatment levels <p< 0.01; one way variance analysis). 
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Table 2 . Muscle free carnitine (FC), short chain acylcarnitine 
(SCAC), long chain acylcarnitine (LCAC) and total carnitine (TC) 

in endurance athletes 





n 


FC 


SCAC 


LCAC 


TC 


Controls 


30 


19.3±0.8 


2.86±1.50 


0.40±0.05 


22±1,10 


Long distance 
runners 


14 


27.5±3.3* 


2.75+0.70 


0.36±0.075 


30.7+3.7* 


Placebo 


7 










Before treatment 




27.3±3.1 


2.71±0.71 


0.34±0.07 


30.4±3.5 


After treatment 




24.1+3.2* 


2.76+0.80 


0.48+0.09+ 


27.3+3.7+ 


L-carnitine 


7 










Before treatment 




27.8±3.5 


2.8±0.7 


0.38±0.08 


30.98±3.8 


After treatment 




31.7±2.9 S 


2.7±0.8 


0.37±0.09 


34.8±3.4 S 



Values are expressed in /imol. g" 1 of noncollagenous protein (mean ± SD). 
* significant differences vs controls (p< 0.01; unpaired t test). 
+ significant differences vs pretreatment levels (p< 0.01; paired t test). 
S significant differences vs both pretreatment and posttreatment receiving 
placebo levels (p< 0.01; one way variance analysis). 



values (table 1) were markedly increased in muscle of long- 
distance runners (LDR). The mechanisms leading to these effects 
are still unclear, but have been extensively reviewed elsewhere 
(10). 

Our results show that treatment with L-carnitine causes a 
significantly increase of the activities of NADH cytochrome c 
reductase, succinate cytochrome c reductase and cytochrome c 
oxidase in muscle of LDR. The mechanism whereby L-carnitine 
induces this shift in the respiratory chain enzyme pattern is 
unknown yet, but mtDNA is likely to be involved (i.e. by 
stimulation of either mtDNA replication or transcription, or both 
of them), because of mtDNA codes for several polypeptides of the 
complexes I, III and IV (11). In contrast, the activities of 
succinate dehydrogenase, a mitochondrial respiratory chain enzyme 
encoded by nuclear DNA, and citrate synthase, a enzyme of the 
mitochondrial matrix, remained at pretreatment levels. Some 
recent findings indicate that acetyl-L-carnitine treatment is 
able to stimulate mitochondrial transcription under altered 
metabolic conditions, such as ageing (12) and hypothyroidism 
(13). In these conditions, the correct structure and function of 
mitochondrial membranes appear to be altered (14,15), but acetyl- 
L-carnitine normalizes the induced alterations. In the same way, 
in endurance exercise, membrane destabilizing agents, such as 
acyl CoAs can accumulate giving rise to reduced free carnitine 
pool in muscle (6,16). 
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Our results indicate that oral carnitine supplementation is 
able to "stabilize" muscle carnitine pool, thus preventing a loss 
of carnitine from tissues to plasma-urine compartments ( 6 ) - A 
larger carnitine availability might normalize the alteration in 
the lipid composition of human muscle mitochondria. The latter 
is particularly relevant for mtDNA transcription influencing 
factors such as optimal mitochondrial concentration of ATP and 
cations (17), import into mitochondria of RNA polymerase and 
other nuclear DNA encoded proteins required for mtRNA synthesis 
(18) and processing (19). 

However, mitochondrial enzymes levels remained unchanged 
after treatment in athletes receiving placebo. These data 
indicate that the training program had little influence, if any, 
on mitochondrial function. 
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